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• UAV-assisted ubiquitous coverage where the UAVs are deployed to support existing communication infrastructure to provide seamless wireless coverage; for example, in crowded concerts and in sport events at massive stadiums.
• UAV-assisted relaying for connecting distant users or user groups without direct and/or reliable communication link. In the case of disaster-relief operations, deployment of UAVs as relay nodes could be used to establish communication between disconnected clusters of ground users (for example, the front-line disaster response teams and the base-station).
• UAV-assisted information dissemination and data collection where the UAVs are deployed to collect/disseminate information to and/or from a large set of distributed wireless devices, for example, supporting the Internet of Things (IoT) communications, or wireless sensor networks. In comparison with the existing terrestrial infrastructure, UAV-assisted communication systems are faster to deploy and are more cost-effective. In addition, these systems are highly adapting towards new environments due to controllable mobility of UAVs in 3D space and are also likely to yield better communication channels because of their shortrange Line-of-Sight (LoS) links. However, deployment of UAVs as flying base stations is much more challenging than the existing ground cellular systems. This difficulty arises from the limited flight time of UAVs, constraints on their power consumption and high maneuverability, and the problem of providing reliable backhaul connections.
There are several existing works in literature which focus on an optimal UAV deployment scheme considering only the air-to-ground (A2G) communication links between the drones and the ground users (GUs). For instance, in [3] , [4] and [5] , the authors consider different optimization objectives for this problem such as minimum power consumption, maximum user coverage, and maximum minimum-throughput. On the other hand, the problem of multi-hop backhaul connectivity, where air-to-air (A2A) communication links are present, is still by and large an unexplored area of research, and hence it is the focus of our attention.
II. OBJECTIVES
Our intention is to design and analyze the access and backhaul connectivity of a drone-assisted communication network, while minimizing the resources required i.e., the number of UAVs.
A work along similar lines is presented in [6] , where the authors maximize the minimum throughput among all the GUs subject to the flow conservation constraints on the UAVs. The optimization metric is the UAVs deployment locations, along with the bandwidth and power allocation of the access (A2G) and backhaul (A2A) links. However, this work only considers the downlink communications.
We explore an end-to-end (including access and backhaul links) UAV-assisted wireless communication system, considering both uplink and downlink traffics, with the goal of supporting demand of the GUs using the minimum number of UAVs. Moreover, in order to extend the operational (flight) time of UAVs, we exploit an energy-aware routing scheme.
III. THE PROPOSED APPROACH
We consider a ground network of users with a topology represented by a graph G = (N , L ). The set of links L between GUs is assumed given, based on a neighborhood discovery mechanism and the matrix D is the traffic demand of origin-destination (OD) pairs. The objective is to deploy a network of UAVs to support the traffic demand of the ground network in an energy efficient manner. We decompose this design problem into three phases.
In the first phase, the GUs are grouped using a weighted k-means clustering approach (with density-based-box initialization) where the value of k is determined based on D and GUs locations w n = (x n , y n ), n = 1, .., N. The weight of each node is its total traffic demand. The goal of the second phase is to find the minimum number of UAVs L and their projected locations on the ground a l = (x a l , y a l ), l = 1, ..., L, such that the resulting network is connected and the demand of GUs is satisfied. We assume that all UAVs have a fixed flying altitude h. The UAVs are introduced in two steps. First, each weighted centroid of the ground clusters is assigned to an UAV location. We use a merging algorithm to move the UAV locations until the UAVs with a total demand less than C max are merged, while staying connected to their associated GU clusters. Secondly, another set of UAVs is introduced in the case that existing network is not connected. This step is done using Deterministic Annealing (DA) [7] similar to the approach proposed in [8] . In the third and final phase, we aim to extend the operation of UAVs through an energyaware routing. This problem is formulated as a Mixed Integer Linear Program (MILP), with the objective of maximizing supported traffic and minimizing total power consumption.
IV. RESULTS AND PROSPECTS
In this section, we demonstrate some results of the proposed approach, and the significance of using UAVs to provide an enhanced coverage in areas with limited or no infrastructure. The ground network consists of 40 nodes distributed in three spatial clusters where the nodes in each cluster construct a connected graph and the nodes in two different clusters cannot communicate directly (see Fig. 2 ). An instance of the proposed UAV placement algorithm is depicted in Figure 2 . The GUs are showed by points in the 2D plane with the colors standing for the user traffic demand (in Kbps). The UAVs are placed at the center of the circles which show the UAVs communication range. Figure 3 illustrates the average unsupported traffic defined as the fraction of network total traffic demand which is not fulfilled. It shows that the average unsupported traffic demand increases as the number of OD pairs increases in the network without UAVs. Whereas, the deployment of flying bases stations keeps this fraction close to zero. Moreover, the comparison of power consumption of UAVs in the case of energy-aware routing with the one with no energy-aware routing reveals a trade-off between energy efficiency and fraction of supported traffic, which is expected.
In future work, the time-varying deployment of UAVs is considered when the ground network topology is changing and UAVs maximum speed is constrained.
